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Description

Technical Field

�[0001] The present invention relates to a method and
apparatus for producing a reference image (template) in
a glass bottle inspecting apparatus, and more particularly
to a method and apparatus for producing a reference
image (template) used in a glass bottle inspecting appa-
ratus for detecting a defect at a specific location of a
bottle-�mouth portion and the like of a glass bottle, and
used for being compared with the image obtained from
the glass bottle to be inspected in the inspecting appa-
ratus.

Background Art

�[0002] An image processing method known as the
Golden Template Comparison is disclosed by US 6 134
343.
�[0003] In producing a glass bottle, a crack such as
crazing may be sometimes formed in a wall thickness of
a bottle- �mouth portion. This crack is referred to as a
check. The location of the bottle-�mouth portion where a
check is generated is limited to some extent, and typically
there are a mouth-�check generated in the top surface or
near the top surface of the bottle mouth, a screw- �check
generated in a screw thread portion of the bottle mouth,
and a neck-�check generated in a neck portion of the bottle
mouth. Further, depending on the direction of the crack,
the checks are classified into a vertical check extending
in a vertical direction (substantially vertical direction), a
lateral check extending in a lateral direction (substantially
horizontal direction), and a skew check extending in an
oblique direction.
�[0004] Because the above- �mentioned check can
cause damage to the glass bottle, the presence or ab-
sence of a check is detected by imaging the bottle-�mouth
portion, and the glass bottle having the check is removed
as a defective bottle.
�[0005] Conventionally, there has been known an in-
specting apparatus for inspecting a check of a glass bottle
which can inspect the presence or absence of a check
automatically by imaging a bottle-�mouth portion of a glass
bottle. The check inspecting apparatus comprises plural
pairs of light-�emitting units and light- �receiving units which
are arranged so as to surround the bottle-�mouth portion
of the glass bottle, and the plural pairs of the light-�emitting
units and the light-�receiving units are adjusted and ar-
ranged in an optimum position with respect to the bottle-
mouth portion of the glass bottle to be inspected. Then,
reflected light from the glass bottle is received by each
pair of the light- �emitting unit and the light-�receiving unit,
and the obtained signals are processed to detect a check
in the bottle-�mouth portion. In this case, light emitted from
the light- �emitting unit is applied to the bottle-�mouth por-
tion, and if there is a check, the light is reflected by a
crack plane of the check and is thus luminous brightly.

Therefore, the reflected light is received by the light-�re-
ceiving unit which is the companion to the light-�emitting
unit, and the check of the bottle portion is detected by
judging from the presence or absence of a portion having
brightness of a predetermined value or more.
�[0006] The above-�mentioned conventional check in-
spection apparatus has plural inspection stations for in-
specting a check in the bottle- �mouth portion of the glass
bottle, and the glass bottle is held and conveyed along
a circumference by a star wheel for inspection, and is
then indexed in the plural inspection stations. In the plural
inspection stations, while the glass bottle is rotated about
its own axis, the glass bottle is inspected to detect each
defect such as a mouth-�check, a screw-�check, or a neck-
check individually.
�[0007] The above-�mentioned conventional check in-
spection apparatus is constructed so that plural inspec-
tion stations are provided, and plural pairs of light-�emit-
ting units and light- �receiving units are arranged in each
of the inspection stations. Therefore, when the kind of a
glass bottle to be inspected is changed, the arrangement
of the plural pairs of the light-�emitting units and the light-
receiving units must be readjusted in each of the inspec-
tion stations. Specifically, angles and heights of the plural
pairs of the light- �emitting units and the light- �receiving
units in each of the inspection stations must be readjust-
ed, and the sensitivity and the like of the light-�receiving
unit must be readjusted.
�[0008] Further, in the glass bottle having a screw
thread portion on a bottle-�mouth portion, the screw thread
portion has complicated curved surfaces. Therefore, in
many cases, reflected light similar to the reflected light
caused by the check is produced in the screw thread
portion. However, even if the reflected light is produced
from an area where the screw thread portion is located,
processing is carried out so as not to judge that there is
a check. Therefore, even if there is a check in the screw
thread portion and areas above and below the screw
thread portion, such a check cannot be detected. Further,
the seam portion of the bottle is formed into a curved
surface extending continuously in the vertical direction.
Therefore, in many cases, reflected light similar to the
reflected light caused by the check is produced in this
seam portion. Thus, the same processing as in the screw
thread portion is carried out in this seam portion. Conse-
quently, even if there is a check in the seam portion and
an area around the seam portion, such a check cannot
be detected. That is, in a specific part of a glass bottle,
even if the glass bottle is normal, an image of the normal
glass bottle which has been imaged by a light-�receiving
unit becomes the same image as a defective glass bottle.
Thus, a non- �defective bottle and a defective bottle cannot
be distinguished from each other. Further, conventional-
ly, it is difficult to detect a molding failure in the screw
thread portion or the like which is generated in molding
a bottle.
�[0009] Therefore, there has been a demand for a glass
bottle inspecting apparatus which can detect defects at

1 2 



EP 1 560 018 B1

3

5

10

15

20

25

30

35

40

45

50

55

a specific location of a glass bottle such as a defect in
areas located above and below a screw thread portion
or a defect located around a seam portion of the bottle,
and a molding failure in the bottle (particularly, the screw
thread portion) without a need for readjustment of ar-
rangement of light-�emitting units and light-�receiving units
when the kind of a glass bottle to be inspected is changed.

Disclosure of Invention

�[0010] The invention provides a method according to
claim 1 and an apparatus according to claim 8. Preferred
embodiments are claimed in the dependent claims.
�[0011] At least one embodiment described hereinafter
provides a method and apparatus for producing a refer-
ence image (template) used in a glass bottle inspecting
apparatus which can detect a defect at a specific location
of a glass bottle without a need for readjustment when
the kind of a glass bottle is changed.

Brief Description of Drawings

�[0012] To enable a better understanding of the inven-
tion, and to show how the same may be carried into effect,
reference will now be made, by way of example only, to
the accompanying drawings, in which:�

FIG. 1 is a vertical cross-�sectional view of an inspect-
ing apparatus according to a first embodiment of the
present invention;
FIG. 2 is a plan view of a hemispherical member of
the inspecting apparatus shown in FIG. 1;
FIG. 3 is a schematic view showing the behavior of
light from a lighting according to the first embodiment
of the present invention;
FIG. 4 is a schematic view showing the relationship
between an image processor and CCD cameras in
the inspecting apparatus according to the first em-
bodiment of the present invention;
FIG. 5 is a schematic view showing an example of
an image on which angle information and the mold
number are written;
FIG. 6 is a schematic view showing an image of a
glass bottle as a sample;
FIG. 7 is a histogram showing brightness distribution
of pixels;
FIG. 8 is a schematic view showing an image of a
non-�defective glass bottle;
FIG. 9 is a graph showing brightness distribution of
pixels in a certain row;
FIG. 10 is a view showing the relationship between
a template and brightness distribution of each pixel
in an image of a glass bottle to be inspected;
FIG. 11A is a schematic view showing a bright tem-
plate and FIG. 11B is a schematic view showing a
dark template;
FIG. 12A is a view showing a bright template image
imaged on the basis of numerical values of the bright

template shown in FIG. 11A, and FIG. 12B is a view
showing a dark template image imaged on the basis
of numerical values of the dark template shown in
FIG. 11B;
FIG. 13 is a plan view showing main parts of an in-
specting apparatus according to a second embodi-
ment of the present invention;
FIG. 14 is a view taken along line A-�A of FIG. 13;
FIG. 15 is a view taken along line B-�B of FIG. 13;
FIG. 16 is a schematic view showing the behavior of
light from a lighting according to the second embod-
iment of the present invention; and
FIG. 17 is a schematic view showing the relationship
between an image processor and CCD cameras in
the inspecting apparatus according to the second
embodiment of the present invention.

Best Mode for Carrying Out the Invention

�[0013] A glass bottle inspecting apparatus according
to an embodiment of the present invention will be de-
scribed with reference to FIGS. 1 through 7. In the em-
bodiment of the glass bottle inspecting apparatus of the
present invention, a case where a specific part of a glass
bottle to be inspected corresponds to a bottle-�mouth por-
tion and a defect to be inspected is a check in the bottle-
mouth portion or a molding failure in a screw thread por-
tion or the like will be described.
�[0014] A glass bottle to be inspected is held by a star
wheel for inspection (not shown), and is conveyed along
a conveyance path on a circumference of the star wheel.
The glass bottle inspecting apparatus according to this
embodiment is disposed in one station (first inspection
station) at a certain place in the conveyance path on the
circumference of the star wheel. In the first inspection
station, the glass bottle conveyed by the star wheel is
indexed, and a check in a bottle-�mouth portion or a mold-
ing failure in a screw thread portion or the like is detected
by the glass bottle inspecting apparatus according to this
embodiment.
�[0015] FIG. 1 is a vertical cross-�sectional view showing
a glass bottle inspecting apparatus according to a first
embodiment of the present invention. As shown in FIG.
1, the inspecting apparatus comprises a hemispherical
member 4 disposed so as to cover a bottle-�mouth portion
3 of a glass bottle 2 placed on a rotatable turntable 1,
and a support 5 for supporting the hemispherical member
4. The center O of the hemispherical member 4 is sub-
stantially aligned with the bottle- �mouth portion 3 of the
glass bottle 2 placed on the turntable 1. The hemispher-
ical member 4 is attached to the support 5 through a
sliding member 6 which is vertically movable, and is con-
figured to be movable vertically with respect to the sup-
port 5.
�[0016] FIG. 2 is a plan view of the hemispherical mem-
ber 4 shown in FIG. 1. As shown in FIGS. 1 and 2, a
lighting 7 for applying light to the interior of the bottle
mouth of the glass bottle 2 on the turntable 1 is disposed
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on the top portion of the hemispherical member 4, i.e.,
above the top surface of the bottle-�mouth portion 3 of the
glass bottle 2 on the turntable 1. Further, a plurality of
CCD cameras 10-20 are disposed on the hemispherical
member 4 so as to surround the bottle-�mouth portion 3
of the glass bottle 2. The optical axes of the CCD cameras
10-20 are located on lines extending radially from the
center O of the hemispherical member 4 (the bottle-
mouth portion 3 of the glass bottle 2).
�[0017] In the present embodiment, a total of 11 CCD
cameras are provided and one of the cameras 10 con-
stitutes an angle detection camera for detecting a rotation
angle of the glass bottle 2 with respect to a predetermined
reference position by imaging a screw thread on the bot-
tle-�mouth portion 3 of the glass bottle 2 placed on the
turntable 1. As shown in FIG. 1, the angle detection cam-
era 10 is arranged so that an angle of elevation of its
optical angle is equal to 0 degree, and can image the
screw thread on the bottle- �mouth portion 3 of the glass
bottle 2 from a horizontal direction.
�[0018] The cameras 11-20 other than the angle detec-
tion camera 10 constitute the inspecting CCD cameras
for inspecting a check of the bottle-�mouth portion 3 by
imaging the bottle-�mouth portion 3 from various angular
directions. In the present embodiment, the inspecting
CCD cameras 11-20 are arranged so that angles be-
tween the optical axes of the respective cameras pro-
jected on the horizontal plane and the optical axis of the
angle detection camera 10 are 25 degrees (as for a first
inspecting CCD camera 11 and a second inspecting CCD
camera 12), 59.5 degrees (as for a third inspecting CCD
camera 13), 140 degrees (as for a fourth inspecting CCD
camera 14 and a fifth inspecting camera 15), 185 degrees
(as for a sixth inspecting CCD camera 16), 220 degrees
(as for a seventh inspecting CCD camera 17), 260 de-
grees (as for an eighth inspecting CCD camera 18), 296.5
degrees (as for a ninth inspecting CCD camera 19), and
326 degrees (as for a tenth inspecting CCD camera 20),
respectively.
�[0019] Further, an angle of elevation of the optical axis
of the first inspecting CCD camera 11 is 30 degrees, an
angle of elevation of the optical axis of the second in-
specting CCD camera 12 is 0 degree, an angle of eleva-
tion of the optical axis of the fourth inspecting CCD cam-
era 14 is 55 degrees, an angle of elevation of the optical
axis of the fifth inspecting CCD camera 15 is 15 degrees,
an angle of elevation of the optical axis of the sixth in-
specting CCD camera 16 is 45 degrees, an angle of el-
evation of the optical axis of the seventh inspecting CCD
camera 17 is 20 degrees, an angle of elevation of the
optical axis of the eighth inspecting CCD camera 18 is
35 degrees, and an angle of elevation of the optical axis
of the tenth inspecting CCD camera 20 is 25 degrees.
The third inspecting CCD camera 13 and the ninth in-
specting CCD camera 19 are configured to be movable
up and down on the surface of the hemispherical member
4, and hence the angles of the elevation of the optical
axes of the third inspecting CCD camera 13 and the ninth

inspecting CCD camera 19 can be freely set.
�[0020] The number of pixels of each of the CCD cam-
eras 10-20 used in the present embodiment is 64 � 64,
and one image can be imaged at intervals of 0.4 milli-
seconds. For example, in the case of inspecting 300 glass
bottles in one minute, the processing time of one glass
bottle is 200 milliseconds. In the case where the glass
bottle is imaged for 100 milliseconds during the process-
ing time, 250 images (=100/0.4) for each glass bottle can
be imaged at a maximum. While the bottle-�mouth portion
3 of the glass bottle 2 is inspected by the inspecting ap-
paratus, the turntable 1 rotates, and the glass bottle 2 is
imaged simultaneously by the CCD cameras 10-20 in
such a state that the glass bottle 2 is rotated. In this man-
ner, while the glass bottle 2 is rotated, the glass bottle 2
is repeatedly imaged, and hence the bottle-�mouth portion
3 of the glass bottle 2 can be imaged over the full circum-
ference of the bottle- �mouth portion 3.
�[0021] Here, light from the lighting 7 disposed above
the glass bottle 2 is applied to the interior of the bottle
mouth of the glass bottle 2, and as shown in FIG. 3, part
of light LA is incident into the bottle-�mouth portion 3 from
the inner circumferential surface of the bottle-�mouth por-
tion 3. If there is a check C inside the bottle-�mouth portion
3, the light LA is reflected by the crack plane of the check
C inside the bottle- �mouth portion 3, and the reflected light
LB passes through the bottle- �mouth portion 3 and is im-
aged by the inspecting CCD cameras 11-20. The light
LB reflected by the crack plane of the check C is brighter
than light which has passed through other parts, and
hence the part corresponding to the check C becomes a
brighter area than other parts in the image which has
been imaged by the CCD camera. The image processor
provided in the inspecting apparatus detects such a
brighter area in the image obtained by each of the above
CCD cameras 10-20 and judges the brighter area to be
a check. On the other hand, if there is no check C inside
the bottle-�mouth portion 3, part of the light LA is incident
into the bottle- �mouth portion 3 from the inner circumfer-
ential surface of the bottle-�mouth portion 3 and passes
through the bottle-�mouth portion 3. In this case, if there
is a molding failure in the screw thread portion or the like,
the light from the molding failure part is scattered in di-
rections where such light is not incident on the corre-
sponding CCD cameras. Thus, the image becomes dim-
mer and blurrier than the image of the normally molded
screw thread portion, and hence the molding failure can
be detected.
�[0022] FIG. 4 is a schematic view showing the relation-
ship between the image processor and the respective
CCD cameras 10-20. As shown in FIG. 4, the image proc-
essor 8 has computing boards 30-40 corresponding to
the CCD cameras 10-20, and these computing boards
30-40 are connected to the corresponding CCD cameras
10-20, respectively.
�[0023] The relationship between the height position of
the spiral of the screw thread on the glass bottle 2 and
the rotation angle of the glass bottle 2 with respect to a
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predetermined reference position is stored in advance in
the angle detection computing board 30 connected to the
angle detection camera 10. The angle detection comput-
ing board 30 detects the height position of the spiral of
the screw thread from the image obtained by the angle
detection camera 10, and then detects the rotation angle
of the glass bottle 2 at the time of imaging with respect
to the reference position from the height position of the
spiral of the screw thread on the basis of the above re-
lationship. Signals of the detected rotation angles of the
glass bottle 2 are sent to the computing boards 31-40
connected to the respective inspecting CCD cameras
11-20. Thus, the angle detection camera 10 and the angle
detection computing board 30 constitute an angle detec-
tion device for detecting the rotation angle of the glass
bottle with respect to the reference position at the time
of imaging.
�[0024] As described above, the rotation angle of the
glass bottle 2 which has been sent from the angle detec-
tion computing board 30 is sent to the computing boards
31-40 connected to the respective inspecting CCD cam-
eras 11-20, and the rotation angle is written as rotation
angle information on each of the images which have been
imaged by the respective inspecting CCD cameras
11-20.
�[0025] Next, the operation of the glass bottle inspecting
apparatus having the above structure will be described
with reference to FIGS. 1 through 4.
�[0026] As described above, diffused light from the light-
ing 7 is applied to the interior of the bottle mouth from an
upper part of the bottle-�mouth portion 3 of the glass bottle
2 placed on the turntable 1. The diffused light which has
been applied to the interior of the bottle mouth is radially
diffused and passes through the bottle- �mouth portion 3.
Then, the transmitted light which has radially passed
through the bottle- �mouth portion 3 are simultaneously
imaged by all of the CCD cameras (11 CCD cameras)
10-20 disposed around the bottle-�mouth portion 3. At this
time, as described above, one CCD camera constitutes
an angle detection camera, and this angle detection cam-
era 10 images the thread screw on the bottle- �mouth por-
tion 3 to detect a rotation angle of the glass bottle with
respect to the reference position at the time of imaging.
When the spiral of the screw thread makes one revolu-
tion, the height position is changed by one pitch. There-
fore, if the relationship between the height position of the
spiral of the screw thread and the rotation angle with re-
spect to the reference position is stored beforehand in
the computing board 30 of the angle detection camera
10, then the angle detection camera 10 can detect an
angle with respect to the reference position at the time
of imaging. As the reference position, for example, the
starting end which is the start of the screw thread is taken
as the reference position (0 degree).
�[0027] In a case where the angle detection camera 10
is taken as a reference, the relative positions of the re-
spective inspecting CCD cameras 11-20 to the angle de-
tection camera 10 are predetermined. Therefore, by dis-

placing the reference position relatively, the rotation an-
gle detected by the computing board 30 of the angle de-
tection camera 10 can be used as a rotation angle when
the respective inspecting CCD cameras 11-20 image the
bottle-�mouth portion 3. Therefore, in the present embod-
iment, the rotation angle which has been transmitted from
the angle detection computing board 30 of the angle de-
tection camera 10 is written on each of the images which
have been imaged by the respective inspecting CCD
cameras 11-20.
�[0028] While the glass bottle 2 is rotated by the turn-
table 1, the transmitted light which has passed through
the bottle-�mouth portion 3 is imaged at intervals of pre-
determined time to obtain a large number of images.
Then, the angle information at the time of imaging is writ-
ten on all of the images.
�[0029] On the other hand, a glass bottle molding ma-
chine has a large number of molds, and a large number
of bottles are simultaneously formed by these molds. It
is known that the property (wall thickness, delicate shape,
and the like) of the molded glass bottle largely depends
on the mold. Further, the generation of a check in the
bottle-�mouth portion of the glass bottle depends on the
mold. Therefore, information of the mold number for rec-
ognizing which mold forms such a glass bottle is written
on the image of the glass bottle obtained by the inspecting
apparatus of this embodiment. The mold number can be
detected by a mold number reading apparatus which
reads convex marks formed on the bottle bottom of the
glass bottle. Signals from the mold number reading ap-
paratus are inputted into the computing boards 31-40 of
the respective inspecting CCD cameras 11-20, and the
mold number is written on each of the images. Further,
information related to production such as manufacturing
number is written on each of the images. FIG. 5 is a sche-
matic view showing an example of an image on which
rotation angle information and the mold number obtained
in the above manner are written. Inspection results, for
example, a result about whether the glass bottle is non-
defective or detective may be written on each of the im-
ages.
�[0030] Next, each image on which angle information,
the mold number, and the like are written is compared
with a reference image called a template which is pre-
pared before inspection of the glass bottle, and the pres-
ence or absence of a check in the bottle-�mouth portion
of the glass bottle is inspected. In this process, since the
reference image (template) is prepared for each angle
and each mold number, the reference image correspond-
ing to the angle information and the mold number which
have been written on the image obtained by each of the
inspecting CCD cameras is selected, and an image of
the glass bottle to be inspected is compared with the
selected reference image.
�[0031] Next, a method of producing a reference image
(template) will be described.
�[0032] A method of producing a reference image (here-
inafter referred to as template when it is considered prop-
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er) comprises three processes which are roughly classi-
fied. Specifically, the method comprises an imaging proc-
ess for imaging a plurality of glass bottles used for pro-
ducing a template by the CCD cameras, an image selec-
tion process for selecting images of non- �defective glass
bottles from a group of the images imaged by the imaging
process by removing images of defective glass bottles,
and an image producing process for producing a tem-
plate on the basis of the images selected by the image
selecting process. Next, the respective processes will be
described in order.

(1) IMAGING PROCESS

�[0033] Basic data of the imaging process carried out
in the present embodiment are as follows:�

� The number of glass bottles used as samples 100
� Molding numbers M1-�M8
� Angles A1-�A8 (Al: 0-45° , A2: 45-90° ,......, A8:
315-360° )
� The number of images per one glass bottle 100

�[0034] One hundred glass bottles serving as samples
are transferred to an inspection station by an inspecting
star wheel, and are imaged by the first through tenth in-
specting CCD cameras 11-20 provided in the inspection
station. The obtained images are sent to a computer 42
(see FIG. 4) connected to the computing boards 30-40
of the respective inspecting CCD cameras 11-20, and
the following processes are carried out by the computer
42 on the basis of these images.
�[0035] Next, an example of producing a template cor-
responding to the first inspecting CCD camera 11, the
molding number M1, and the angle A1 will be described
below.
�[0036] As described above, 100 images per one glass
bottle are imaged, and a total of 10,000 images per 100
glass bottles are imaged by the first inspecting CCD cam-
era 11. In the case where there are three glass bottles
molded by the mold number M1 among 100 glass bottles,
the number of images of the glass bottles formed by the
mold number M1 is 3� 100 = 300. Therefore, first, 300
images of the glass bottles molded by the mold number
M1 are selected from 10,000 images. Further, the images
which have been imaged in the angle A1 are selected
from the 300 images. In the present embodiment, 35 im-
ages are imaged in the angle A1. Therefore, 35 images
are selected to produce a template corresponding to the
mold number M1 and the angle A1.

(2) IMAGE SELECTING PROCESS

�[0037] If a defective glass bottle is included in a plurality
of glass bottles used as samples in producing a template
serving as a reference image, then a template containing
light caused by a check is produced. Thus, if the template
is produced on the basis of the image containing bright

light from the location where bright light should not be
created, then the glass bottle having a check at such a
location cannot be judged to be a defective glass bottle.
For this reason, as a preprocess for producing a template,
work for removing images of defective glass bottles from
a plurality of images used for the template is carried out.
�[0038] In the image selecting process, frequency dis-
tribution showing brightness distribution of each of pixels
for forming an image is produced on the basis of a plurality
of images selected by the imaging process. FIG. 6 is a
schematic view showing an image of a glass bottle as a
sample. FIG. 7 is a histogram showing brightness distri-
bution of pixels. In FIG. 6, reference numeral 50 repre-
sents bright areas. In FIG. 7, the vertical axis of frequency
distribution represents the number of pixels, and the hor-
izontal axis represents brightness (0-255).
�[0039] As shown in FIG. 6, the image of each of the
CCD cameras 11-20 is composed of a group of pixels
comprising 64 vertical � 64 horizontal. The number of
pixels can be suitably adjusted. In this example, one im-
age is decomposed into 64 � 64 pixels. Then, the pixels
in the first row, the first column from the decomposed
pixel group are plotted on the graph for each image. In
this manner, the pixels in the first row, the first column
for each of 35 images are plotted on the graph succes-
sively, and frequency distribution showing brightness dis-
tribution of the pixels in the first row, the first column can
be obtained. The frequency distribution is produced from
the first row, the first column to the 64th row, the 64th
column.
�[0040] Next, the standard deviation σ representing dis-
persion of brightness is calculated for every obtained fre-
quency distribution. The standard deviation σ is obtained
by a general statistical method. Then, detection criterion
is set so that the image is judged to be an image of a
non-�defective glass bottle when brightness of pixels is
distributed within a range of �2σ, for example. In the
case where all of the glass bottles serving as samples
are non-�defective glass bottles, the brightness of all pix-
els is distributed in the vicinity of substantially average
value X. Therefore, as shown in FIG. 7, all of the pixels
exist within a range of �2σ. In this case, any image is
not removed, and all of 35 images are used for producing
a template.
�[0041] On the other hand, when a glass bottle has a
check, the part 60 on the image representing the pres-
ence of a check becomes extremely bright (see FIG. 6).
Then, in the frequency distribution, as shown in FIG. 7,
the number of pixels, which is represented by a reference
numeral 61, having brightness corresponding to the part
60 is plotted in the area at the right side of +2σ. Then, it
is judged that a check is imaged on the image having
such pixels. Further, similarly, in the case where there is
extremely dark part, the number of pixels having bright-
ness corresponding to the dark part is plotted in the area
at the left side of -2σ. Then, the screw thread portion or
the like having a molding failure is judged to be imaged
on the image having such pixels. Then, these images are
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removed from the images used for producing a template.
In the present embodiment, the image selecting process
is carried out using the statistical method. However, the
method is not limited to the statistical method, and any
method can be used as long as the image to be removed
can be specified. For example, a plurality of images which
have been obtained by the imaging process may be dis-
played on a display both for mold numbers and for angles,
and an image of a defective glass bottle may be selected
by observing the image on the display by an operator.

(3) IMAGE PRODUCING PROCESS

�[0042] In the image producing process, reference im-
ages to be a template are produced on the basis of a
plurality of images selected in the above image selecting
process. The image producing process will be described
with reference to FIGS. 8 through 10. FIG. 8 is a sche-
matic view showing an image of a non- �defective glass
bottle. FIG. 9 is a graph showing brightness distribution
of pixels in a certain row. FIG. 10 is a view showing the
relationship between a template and brightness distribu-
tion of each pixel in an image of a glass bottle to be in-
spected.
�[0043] In the present embodiment, the template is pro-
duced for each pixel row of the image. First, a certain
pixel row is specified. For example, in FIG. 8, the third
row is specified. Next, the specified pixel row is scanned
in the column direction (lateral direction of FIG. 8, the
direction of 1, 2, 3 ...... 64), and the brightness of each
pixel is represented on the graph. Specifically, each pixel
on the specified pixel row is plotted on the graph where
the vertical axis represents brightness of pixels and the
horizontal axis represents column numbers of pixels. As
shown in FIG. 8, since the pixels in the third row are
located in the dark part 70, a line drawn by plotting the
respective pixels in the third row on the graph becomes
a straight line located in the vicinity of brightness 0.
�[0044] On the other hand, for example, in the case
where the pixels in the tenth row are specified, a line
drawn by plotting the respective pixels in the tenth row
becomes T1 shown in FIG. 9. Specifically, in the tenth
row, since the bright part 50 formed by light from the
screw thread portion is scanned, the pixels correspond-
ing to the bright part 50 show a high brightness.
�[0045] Further, with regard to all the images, all the
pixels in the same row are plotted on one graph. Specif-
ically, in the present embodiment, since 35 images are
used for producing a template, as shown in FIG. 9, a
brightness distribution chart composed of a group of 35
lines (in FIG. 9, only four lines T1-�T4 are shown) is pro-
duced. In this manner, brightness distribution charts are
produced for all of the rows from the first row to the 64th
row.
�[0046] Then, the maximum area demarcated by a
group of these lines becomes an area which should be
taken as a template. Specifically, as shown in FIG. 10,
the line obtained by connecting points representing the

maximum value (maximum brightness) in each column
is taken as a bright template line Tmax, and the line ob-
tained by connecting points representing the minimum
value (minimum brightness) in each column is taken as
a dark template line Tmin. An area enclosed by the bright
template line Tmax and the dark template line Tmin be-
comes a reference image (template) to be determined.
That is, a range between the maximum brightness and
the minimum brightness is continuously formed in the
column direction between the bright template line Tmax
and the dark template line Tmin. In this manner, 64 tem-
plates are produced in the mold number M1 and the angle
A1.
�[0047] Because work for producing these templates is
conducted on the mold numbers M1- �M20 and the angles
A1-�A8, 64�20�8=10,240 templates are given to the first
inspecting CCD camera 11. Specifically, each of the in-
specting CCD cameras 11-20 has templates for each
mold, each angle, and each pixel. As described above,
since the property of the glass bottle and the generation
of a check largely depend on a mold, the accuracy in
detection of a check or a molding failure in the screw
thread portion or the like can be enhanced by producing
templates corresponding to each of the molds.
�[0048] Next, there will be described a method of judg-
ing the presence or absence of a check in a bottle-�mouth
portion or a molding failure in a screw thread portion or
the like by comparing the reference image (template) ob-
tained by the above method and the image obtained from
the glass bottle to be inspected.
�[0049] First, the templates produced under the same
condition (mold, angle, and the like) as the images to be
inspected are selected as comparing object on the basis
of various information such as angle information, the
mold number, and the like given to the image. Next, the
image of the glass bottle to be inspected is compared
with the templates in each pixel row. Specifically, the line
representing brightness distribution in the column direc-
tion in a specific pixel row is compared with a template.
Then, as shown in FIG. 10, if the line S1 representing
brightness of the glass bottle to be inspected is located
completely in a non- �defective article area of the template
(area enclosed by the bright template line Tmax and the
dark template line Tmin), then this glass bottle is judged
to be a non- �defective article.
�[0050] On the other hand, as shown by a sign S2, if
part of the line projects from the non-�defective article area
of the template, this glass bottle is judged to be a defective
article. Then, when all of the pixel rows are compared
with the templates, and at least one row is judged to be
defective, it is judged that this glass bottle has a check
in the bottle-�mouth portion or a molding failure in the
screw thread portion or the like.
�[0051] Such inspection is carried out in each of the
angles A1- �A8. Therefore, even if it is judged that there
is neither a check nor a molding failure in the angle A1,
for example, in some cases, it is judged that there is a
check or a molding failure in the angle A2. In the present
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embodiment, because the detection of a check or a mold-
ing failure is carried out in a plurality of angles (A1-�A8),
the accuracy in inspection of a check or a molding failure
can be enhanced, compared with the conventional in-
spection apparatus.
�[0052] The 64 templates produced in the above man-
ner may be integrated into a two-�dimensional (planar)
bright template and a two- �dimensional (planar) dark tem-
plate. FIG. 11A is a schematic view showing a bright tem-
plate and FIG. 11B is a schematic view showing a dark
template. Next, a process of producing the bright tem-
plate will be described with reference to FIGS. 10 and
11A.
�[0053] As shown in FIG. 10, brightness of the bright
template line Tmax in a certain row can be digitized in
the range of 0 to 255 in each column. The respective
numerical values representing the brightness are plotted
in a corresponding row in a table composed of 64 rows
� 64 columns shown in FIG. 11A. For example, numer-
ical value representing the brightness held by the m col-
umn of the bright template line Tmax in the n row is plotted
in a section located in the n row, the m column of the
table. In FIG. 11A, the brightness ranging from 0 to 255
is represented by hexadecimal notation.
�[0054] When all of the brightness of the bright template
line Tmax from the first to the 64th row have been plotted
in the table, one bright template as shown in FIG. 11A is
produced finally. The dark template shown in FIG. 11B
is also produced on the basis of the dark template line
Tmin in the same process as the bright template. The
range between the maximum brightness and the mini-
mum brightness in each pixel constituting the reference
image is determined by the thus obtained bright template
and dark template. Specifically, in an example shown in
FIGS. 11A and 11B, the range between the minimum
brightness and the maximum brightness in the pixel lo-
cated in the n row, the m column is from 02 to 08. FIG.
12A is a view showing a bright template image imaged
on the basis of numerical values of the bright template
shown in FIG. 11A, and FIG. 12B is a view showing a
dark template image imaged on the basis of numerical
values of the dark template shown in FIG. 11B.
�[0055] In the above description, an example in which
the brightness of all pixels in each row is digitized in pro-
ducing a two-�dimensional (planar) bright template and a
two-�dimensional (planar) dark template is described.
However, a two- �dimensional bright template and a two-
dimensional dark template may be produced by digitizing
the brightness of each pixel not in each row but in each
pixel.
�[0056] The next description is made for a method of
judging the presence or absence of a check in the bottle-
mouth portion and a molding failure in the screw thread
portion or the like in the glass bottle to be inspected by
using the bright template and the dark template obtained
by the above process. First, the specific row of the image
of the glass bottle to be inspected is scanned in the col-
umn direction (lateral direction), and the brightness of all

pixels in the row is digitized. Next, it is judged whether
the brightness of each pixel from the first column to the
64th column in the row exists in a range (hereinafter re-
ferred to as non-�defective article range) between the
maximum brightness and the minimum brightness deter-
mined by the bright template and the dark template. This
process is conducted on all the rows from the first row to
the 64th row.
�[0057] Then, if the brightness of all the pixels consti-
tuting the image to be inspected exists within the non-
defective article range, it is judged that there is neither a
check in the bottle-�mouth portion nor a molding failure in
the screw thread portion or the like in the glass bottle.
On the other hand, if the number of pixels which are de-
viated from the non-�defective article range by an allow-
able value or more is not less than a predetermined
number, the image is judged to be an image of a defective
glass bottle, and it is judged that there is a check in the
bottle-�mouth portion or a molding failure in the screw
thread portion or the like in this glass bottle. The allowable
value related to the non-�defective article range and the
predetermined number of pixels serving as a criterion for
judgment of the defective article can be set according to
inspection accuracy to be achieved. For example, if a
predetermined number of pixels adjacent to each other
in a certain image has brightness outside the non-�defec-
tive article range, then such an image may be judged to
be an image of a defective glass bottle.
�[0058] In the embodiment shown in FIGS. 1 through
12A and 12B, the interior of the bottle mouth of the glass
bottle is illuminated, and a check or a molding failure is
detected from the transmitted light which has passed
through the bottle-�mouth portion. With this arrangement,
a lateral check extending in a lateral direction and a skew
check extending in an oblique direction can be perfectly
detected. Further, most of the vertical checks extending
in the vertical direction can be also detected. However,
if the crack plane of the vertical check is completely
aligned with the direction extending radially from the axis
of the bottle, the transmitted light which passes through
the bottle-�mouth portion travels in a direction parallel to
the crack plane. Thus, there is a chance that the vertical
check cannot be detected. Therefore, according to the
second embodiment, a second inspection station is dis-
posed at a certain place in the conveyance path on the
circumference of the star wheel, and a glass bottle in-
specting apparatus for detecting a vertical check with re-
flected light is provided in the second inspection station.
It is a matter of course that the inspecting apparatus
which uses the transmitted light shown in FIGS. 1 through
12A and 12B is provided in the first inspection station.
�[0059] Next, a glass bottle inspecting apparatus for de-
tecting a vertical check will be described with reference
to FIGS. 13 through 16.
�[0060] FIG. 13 is a plan view showing main parts of an
inspecting apparatus according to a second embodiment
of the present invention, FIG. 14 is a view taken along
line A- �A of FIG. 13, and FIG. 15 is a view taken along
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line B- �B of FIG. 13. As shown in FIGS. 13 through 15,
the inspection apparatus has a hemispherical member
104 disposed so as to cover a bottle- �mouth portion 3 of
a glass bottle 2. The center O of the hemispherical mem-
ber 104 is substantially aligned with the bottle-�mouth por-
tion 3 of the glass bottle 2. A first lighting 107a for applying
light to the bottle-�mouth portion 3 of the glass bottle 2 is
provided on the side of the hemispherical member 104,
i.e., at the side of the bottle- �mouth portion 3 of the glass
bottle 2. Further, a plurality of CCD cameras 110-119 are
disposed on the hemispherical member 104 so as to sur-
round the bottle-�mouth portion 3 of the glass bottle 2.
The optical axes of the CCD cameras 110-119 are locat-
ed on lines extending radially from the center O of the
hemispherical member 104 (the bottle-�mouth portion 3
of the glass bottle 2).
�[0061] In the present embodiment, a total of 10 CCD
cameras are provided and one of the cameras 110 con-
stitutes an angle detection camera for detecting a rotation
angle of the glass bottle 2 by imaging a screw thread on
the bottle-�mouth portion 3 of the glass bottle 2. As shown
in FIG. 15, the angle detection camera 110 is arranged
so that an angle of elevation of its optical axis is equal to
0 degree, and can image the screw thread on the bottle-
mouth portion 3 of the glass bottle 2 from a horizontal
direction. A second lighting 107b is disposed on the side
of the hemispherical member 104 facing the angle de-
tection camera 110, and the screw thread on the bottle-
mouth portion 3 of the glass bottle 2 is illuminated by the
second lighting 107b. Light emitted from the second light-
ing 107b comprises infrared light, and does not interfere
with the light emitted from the first lighting 107a. The an-
gle detection camera 110 is configured to receive only
infrared light emitted from the second lighting 107b.
�[0062] The cameras 111-119 other than the angle de-
tection camera 110 constitute inspecting CCD cameras
for inspecting a check of the mouth portion 3 by imaging
the mouth portion 3 from various angular directions. In
the present embodiment, the inspecting CCD cameras
111-119 are arranged so that angles between the optical
axes of the respective cameras projected on the horizon-
tal plane and the optical axis of the angle detection cam-
era 110 are 90 degrees (as for a first inspecting CCD
camera 111), 130 degrees (as for a second inspecting
CCD camera 112), 150 degrees (as for a third inspecting
CCD camera 113),�180 degrees (as for a fourth inspecting
CCD camera 114), 220 degrees (as for a fifth inspecting
CCD camera 115, a sixth inspecting CCD camera 116),
260 degrees (as for a seventh inspecting CCD camera
117), 305 degrees (as for an eighth inspecting CCD cam-
era 118), 317 degrees (as for a ninth inspecting CCD
camera 119), respectively.
�[0063] Further, an angle of elevation of the optical axis
of the first inspecting CCD camera 111 is 40 degrees, an
angle of elevation of the optical axis of the second in-
specting CCD camera 112 is 35 degrees, an angle of
elevation of the optical axis of the third inspecting CCD
camera 113 is 0 degree, an angle of elevation of the

optical axis of the fourth inspecting CCD camera 114 is
50 degrees, an angle of elevation of the optical axis of
the fifth inspecting CCD camera 115 is 40 degrees, an
angle of elevation of the optical axis of the sixth inspecting
CCD camera 116 is 10 degrees, an angle of elevation of
the optical axis of the seventh inspecting CCD camera
117 is 35 degrees, an angle of elevation of the optical
axis of the eighth inspecting CCD camera 118 is 35 de-
grees, and an angle of elevation of the optical axis of the
ninth inspecting CCD camera 119 is 0 degree.
�[0064] As shown in FIG. 16, light Lc from the first light-
ing 107a is incident into the bottle-�mouth portion 3 from
the outer circumferential surface of the bottle-�mouth por-
tion 3 of the glass bottle 2. If there is a check (vertical
check) C inside the bottle-�mouth portion 3, the light Lc is
reflected by the crack plane of the check C inside the
bottle-�mouth portion 3, and the reflected light LD passes
through the bottle-�mouth portion 3 and is imaged by the
inspecting CCD cameras 111-119. The light Lc reflected
by the crack plane of the check C is brighter than light
which has passed through other parts, and hence the
part corresponding to the check C becomes a brighter
area than other parts in the image which has been imaged
by each of the CCD cameras. The image processor pro-
vided in the inspecting apparatus detects such a brighter
area in the image obtained by each of the above CCD
cameras 111-119 and judges this brighter area to be a
check. On the other hand,� if there is no check C inside
the bottle-�mouth portion 3, the light Lc from the first light-
ing 107a is incident into the bottle-�mouth portion 3 from
the outer circumferential surface of the bottle-�mouth por-
tion 3, and passes through the bottle-�mouth portion 3 or
is reflected from the outer circumferential surface of the
bottle-�mouth portion 3. In this case, if there is a molding
failure in the screw thread portion or the like, the light
from the molding failure part is scattered in directions
where such light is not incident on the corresponding
CCD cameras. Thus, the image becomes dimmer and
blurrier than the image of the normally molded screw
thread portion, and hence the molding failure can be de-
tected. The structure of the image processor is the same
as that of the image processor in the inspecting apparatus
according to the first embodiment, and the description of
the former is omitted.
�[0065] Next, the operation of the glass bottle inspecting
apparatus having the above structure will be described
with reference to FIGS. 13 through 16.
�[0066] Infrared light from the second lighting 107b is
applied to the bottle mouth from a side part of the bottle-
mouth portion 3 of the glass bottle 2 placed on the turn-
table 1, and then passes through the bottle-�mouth portion
3. The infrared light which has passed through the bottle-
mouth portion 3 is imaged by the angle detection camera
110 provided so as to face the second lighting 107b. In
the same manner as the first embodiment, the angle de-
tection camera 110 images the thread screw on the bot-
tle-�mouth portion 3 to detect the rotation angle of the
glass bottle with respect to the reference position at the
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time of imaging.
�[0067] On the other hand, diffused light from the first
lighting 107a is applied to the bottle-�mouth portion 3 of
the glass bottle 2 placed on the turntable 1. The inspect-
ing CCD cameras 111-119 image light reflected from the
bottle-�mouth portion 3 of the glass bottle 2. In this case,
if there is a check inside the bottle-�mouth portion 3, the
light which has been incident into the bottle-�mouth from
the outer circumferential surface of the bottle-�mouth por-
tion 3 is reflected by the crack plane of the check, and
the reflected light passes through the bottle- �mouth por-
tion 3 and is imaged by the CCD cameras 111-119.
�[0068] In a case where the angle detection camera 110
is taken as a reference, the relative positions of the re-
spective inspecting CCD cameras 111-119 to the angle
detection camera 110 are predetermined. Therefore, by
displacing the reference position relatively, the rotation
angle detected by the angle detection camera 110 can
be used as a rotation angle when the respective inspect-
ing CCD cameras 111-119 image the bottle-�mouth por-
tion 3. Therefore, in the present embodiment, the rotation
angle which has been detected by the angle detection
camera 110 is written on each of the images which have
been imaged by the respective inspecting CCD cameras
111-119. As with the first embodiment, the image ob-
tained from the glass bottle to be inspected is compared
with the reference image (template) to judge the pres-
ence or absence of a check in the bottle-�mouth portion.
�[0069] As shown in FIG. 17, the computing boards
30-40 of the image processor 8 of the inspection appa-
ratus in the first inspection station and the computing
boards 130-139 of the image processor 108 of the in-
spection apparatus in the second inspection station are
connected to a host computer 141 through, for example,
an ether net 140, thereby producing the above reference
image. Specifically, images which have been imaged by
the CCD cameras 10-20 and 110-119 in the respective
inspection apparatuses may be sent to the host computer
141, and reference images may be produced by the host
computer 141 on the basis of these images.
�[0070] Although embodiments of the present invention
have been described above, the present invention is not
limited to the above embodiment, but various changes
and modifications may be made therein within the scope
of the claims.
�[0071] As described above, according to the embodi-
ments, plural glass bottles as samples are imaged by the
CCD camera, and the range of brightness of the non-
defective glass bottle is specified from the obtained plural
images, thereby producing a reference image.
�[0072] Further, according to at least one embodiment,
the reference image is prepared in advance on the basis
of the glass bottle having no defect (non-�defective bottle),
and an actual image obtained by imaging the glass bottle
to be inspected is compared with the reference image,
and hence a defect at a specific part of the glass bottle
can be detected. Thus, when the kind of a glass bottle
to be inspected is changed, it is not necessary to readjust

the arrangement relationship between the lighting serv-
ing as a light-�emitting unit and the CCD camera serving
as a light-�receiving unit, and the adjustment time for
changing the kind of a glass bottle can be remarkably
shortened. Further, defects at a specific part of a glass
bottle such as a check in a screw thread portion of the
glass bottle, a check in a seam part of the bottle, and the
like can be detected.

Industrial Applicability

�[0073] Embodiments of the present invention are suit-
able for use in a method and apparatus for producing a
reference image (template) used in a glass bottle inspect-
ing apparatus for detecting a defect at a specific location
of a bottle-�mouth portion and the like of a glass bottle,
and used for being compared with the image obtained
from the glass bottle to be inspected in the inspecting
apparatus.
�[0074] According to one embodiment described
above, there is provided a method of producing a refer-
ence image, comprising: forming plural images by imag-
ing a plurality of glass bottles as samples which contains
at least one defective glass bottle by a CCD camera; and
producing a reference image from the obtained plural
images excluding the image of the at least one defective
glass bottle, wherein a range of brightness when light is
applied to a non-�defective glass bottle is specified in the
reference image.
�[0075] According to at least one embodiment of the
present invention, plural glass bottles as samples are
imaged by the CCD camera, and the range of brightness
of the non- �defective glass bottle is specified from the ob-
tained plural images, thereby producing a reference im-
age.
�[0076] According to an embodiment described above,
the range of brightness specified in the reference image
is determined by grasping brightness in each pixel in the
images of plural non-�defective glass bottles, and deter-
mining the maximum brightness and the minimum bright-
ness in each pixel, and the range of brightness is between
the maximum brightness and the minimum brightness.
�[0077] According to an embodiment described above,
plural images are formed by imaging a glass bottle as
one sample simultaneously by a plurality of CCD cam-
eras from a plurality of imaging angles, and the reference
image is produced in each predetermined angle.
�[0078] According to an embodiment described above,
before producing the reference image, images of defec-
tive glass bottles are removed from the plural images
imaged by the CCD cameras, and only the images of
non-�defective glass bottles are obtained.
�[0079] According to an embodiment described above,
frequency distribution of brightness of pixels located at
the same position of the plural images is obtained, an
average value and standard deviation of brightness of
the pixels are calculated, and when there is at least one
pixel having brightness higher than the average value by
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a predetermined multiple of the standard deviation or
more, an image having the at least one pixel is judged
to be an image of a defective glass bottle and then re-
moved.
�[0080] According to an embodiment described above,
frequency distribution of brightness of pixels located at
the same position of the plural images is obtained, an
average value and standard deviation of brightness of
the pixels are calculated, and when there is at least one
pixel having brightness lower than or equal to a value
calculated by subtracting a predetermined multiple of the
standard deviation from the average value, an image
having the at least one pixel is judged to be an image of
a defective glass bottle and then removed.
�[0081] According to an embodiment described above,
a defect at a specific part of a glass bottle is detected by
comparing the reference image obtained by the method
according to any one of claims 1 through 6, with an image
which is formed by imaging the glass bottle to be inspect-
ed by a CCD camera.
�[0082] According to an embodiment described above,
there is provided an apparatus for producing a reference
image, comprising: at least one CCD camera forming
plural images by imaging a plurality of glass bottles as
samples which contains at least one defective glass bot-
tle; and an image processor producing a reference image
from the obtained plural images excluding the image of
the at least one defective glass bottle, wherein a range
of brightness when light is applied to a non-�defective
glass bottle is specified in said reference image.
�[0083] According to an embodiment described above,
the range of brightness specified in the reference image
is determined by grasping brightness in each pixel in the
images of plural non-�defective glass bottles,� and deter-
mining the maximum brightness and the minimum bright-
ness in each pixel, and the range of brightness is between
the maximum brightness and the minimum brightness.
�[0084] According to an embodiment described above,
plural images are formed by imaging a glass bottle as
one sample simultaneously by a plurality of CCD cam-
eras from a plurality of imaging angles, and the reference
image is produced in each predetermined angle.
�[0085] According to an embodiment described above,
there is provided an inspecting apparatus for detecting
a defect of a glass bottle by imaging light from the glass
bottle while the glass bottle is illuminated, and processing
the obtained image, the inspecting apparatus compris-
ing: a lighting disposed at a predetermined position with
respect to the glass bottle; a plurality of CCD cameras
disposed around the glass bottle for imaging a specific
part of the glass bottle; and an image processor for
processing the images obtained by the CCD cameras;
wherein the image processor detects a defect at a spe-
cific part of the glass bottle by producing and comparing
the reference image using the apparatus according to
any one of claims 8 through 10, with an image formed
by imaging the glass bottle to be inspected by the CCD
cameras.

Claims

1. A method of producing a reference image, compris-
ing: �

forming plural images by imaging a plurality of
glass bottles (2) as samples which contains at
least one defective glass bottle by a CCD cam-
era (10-20, 110-119); and
producing a reference image from the obtained
plural images excluding the image of the at least
one defective glass bottle, wherein a range of
brightness when light is applied to a non-�defec-
tive glass bottle is specified in said reference
image.

2. A method of producing a reference image according
to claim 1, wherein said range of brightness specified
in said reference image is determined by grasping
brightness in each pixel in the images of plural non-
defective glass bottles, and determining the maxi-
mum brightness and the minimum brightness in each
pixel, and said range of brightness is between the
maximum brightness and the minimum brightness.

3. A method of producing a reference image according
to claim 1 or 2, wherein plural images are formed by
imaging a glass bottle (2) as one sample simultane-
ously by a plurality of CCD cameras (10-20, 110-119)
from a plurality of imaging angles, and said reference
image is produced in each predetermined angle.

4. A method of producing a reference image according
to any one of claims 1 through 3, wherein before
producing said reference image, images of defective
glass bottles are removed from said plural images
imaged by said CCD cameras (10-20, 110-119), and
only the images of non-�defective glass bottles are
obtained.

5. A method of producing a reference image according
to claim 4, wherein frequency distribution of bright-
ness of pixels located at the same position of said
plural images is obtained, an average value and
standard deviation of brightness of said pixels are
calculated, and when there is at least one pixel hav-
ing brightness higher than said average value by a
predetermined multiple of said standard deviation or
more, an image having said at least one pixel is
judged to be an image of a defective glass bottle and
then removed.

6. A method of producing a reference image according
to claim 4, wherein frequency distribution of bright-
ness of pixels located at the same position of said
plural images is obtained, an average value and
standard deviation of brightness of said pixels are
calculated, and when there is at least one pixel hav-
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ing brightness lower than or equal to a value calcu-
lated by subtracting a predetermined multiple of said
standard deviation from said average value, an im-
age having said at least one pixel is judged to be an
image of a defective glass bottle and then removed.

7. A method of inspecting a glass bottle, wherein a de-
fect at a specific part of a glass bottle (2) is detected
by comparing the reference image obtained by the
method according to any one of claims 1 through 6,
with an image which is formed by imaging the glass
bottle (2) to be inspected by a CCD camera (10-20,
110-119).

8. An apparatus for producing a reference image, com-
prising:�

at least one CCD camera (10-20, 110-119) form-
ing plural images by imaging a plurality of glass
bottles (2) as samples which contains at least
one defective glass bottle; and
an image processor (8) adapted to produce a
reference image from the obtained plural imag-
es by excluding the image of the at least one
defective glass bottle, wherein a range of bright-
ness when light is applied to a non-�defective
glass bottle is specified in said reference image.

9. An apparatus for producing a reference image ac-
cording to claim 8, wherein said range of brightness
specified in said reference image is determined by
grasping brightness in each pixel in the images of
plural non-�defective glass bottles, and determining
the maximum brightness and the minimum bright-
ness in each pixel, and said range of brightness is
between the maximum brightness and the minimum
brightness.

10. An apparatus for producing a reference image ac-
cording to claim 8 or 9, wherein plural images are
formed by imaging a glass bottle (2) as one sample
simultaneously by a plurality of CCD cameras
(10-20, 110-119) from a plurality of imaging angles,
and said reference image is produced in each pre-
determined angle.

11. An inspecting apparatus for detecting a defect of a
glass bottle (2) by imaging light from the glass bottle
while the glass bottle is illuminated, and processing
the obtained image, the inspecting apparatus com-
prising:�

a lighting (7) disposed at a predetermined posi-
tion with respect to the glass bottle;
a plurality of CCD cameras (10-20, 110-119) dis-
posed around the glass bottle (2) for imaging a
specific part of the glass bottle (2); and
an image processor (8) for processing the im-

ages obtained by said CCD cameras;
wherein said image processor (8) detects a de-
fect at a specific part of the glass bottle (2) by
producing and comparing the reference image
using said apparatus according to any one of
claims 8 through 10, with an image formed by
imaging the glass bottle (2) to be inspected by
said CCD cameras (10-20, 110-119).

Patentansprüche

1. Verfahren zur Erzeugung eines Referenzbildes, um-
fassend:�

Ausbilden mehrerer Bilder durch Abbilden meh-
rerer Glasflaschen (2) als Proben, die zumindest
eine schadhafte Glasflasche beinhalten, durch
eine CCD-�Kamera (10-20, 110-119); und
Erzeugen eines Referenzbildes von den erhal-
tenen mehreren Bildern, mit Ausnahme des Bil-
des der zumindest einen schadhaften Glasfla-
sche, wobei ein Helligkeitsbereich, wenn einer
nicht-�schadhaften Glasflasche Licht zugeführt
wird, in dem Referenzbild spezifiziert ist.

2. Verfahren zur Erzeugung eines Referenzbildes nach
Anspruch 1, bei dem der in dem Referenzbild spe-
zifizierte Helligkeitsbereich durch Erfassen der Hel-
ligkeit in jedem Pixel in den Bildern mehrerer nicht-
schadhafter Glasflaschen und Bestimmen der ma-
ximalen Helligkeit und der minimalen Helligkeit in je-
dem Pixel bestimmt wird, und der Helligkeitsbereich
zwischen der maximalen Helligkeit und der minima-
len Helligkeit liegt.

3. Verfahren zur Erzeugung eines Referenzbildes nach
Anspruch 1 oder 2, bei dem mehrere Bilder durch
gleichzeitiges Abbilden einer Glasflasche (2) als ei-
ne Probe durch mehrere CCD-�Kameras (10-20,
110-119) aus mehreren Abbildungswinkeln ausge-
bildet werden und das Referenzbild in jedem vorge-
gebenen Winkel erzeugt wird.

4. Verfahren zur Erzeugung eines Referenzbildes nach
einem der Ansprüche 1 bis 3, bei dem vor Erzeugen
des Referenzbildes Bilder schadhafter Glasflaschen
von den mehreren, durch die CCD-�Kameras abge-
bildeten Bildern entfernt werden und nur die Bilder
nicht- �schadhafter Glasflaschen erhalten werden.

5. Verfahren zur Erzeugung eines Referenzbildes nach
Anspruch 4, bei dem die Frequenzverteilung der Hel-
ligkeit der Pixel, die sich an derselben Stelle der meh-
reren Bilder befinden, erhalten wird, ein Durch-
schnittswert und eine Standardabweichung der Hel-
ligkeit der Pixel ausgerechnet werden und, wenn es
zumindest einen Pixel gibt, der eine um ein vorge-
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gebenes Mehrfaches der Standardabweichung oder
mehr höhere Helligkeit als der Durchschnittswert
aufweist, ein Bild, das diesen zumindest einen Pixel
aufweist, als ein Bild einer schadhaften Glasflasche
bewertet und dann entfernt wird.

6. Verfahren zur Erzeugung eines Referenzbildes nach
Anspruch 4, bei dem die Frequenzverteilung der Hel-
ligkeit der Pixel, die sich an derselben Stelle der meh-
reren Bilder befinden, erhalten wird, ein Durch-
schnittswert und eine Standardabweichung der Hel-
ligkeit der Pixel ausgerechnet werden und, wenn es
zumindest einen Pixel gibt, der eine Helligkeit auf-
weist, die niedriger als oder gleich hoch wie ein durch
Subtrahieren eines vorgegebenen Mehrfachen der
Standardabweichung von dem Durchschnittswert
berechneter Wert ist, ein Bild, das diesen zumindest
einen Pixel aufweist, als ein Bild einer schadhaften
Glasflasche bewertet und dann entfernt wird.

7. Verfahren zur Prüfung einer Glasflasche, bei dem
ein Defekt an einem bestimmten Teil einer Glasfla-
sche (2) durch Vergleichen des durch das Verfahren
nach einem der Ansprüche 1 bis 6 erhaltenen Refe-
renzbildes mit einem Bild, das durch Abbilden der
zu prüfenden Glasflasche (2) durch eine CCD-�Ka-
mera ausgebildet wird (10-20, 110-119), erkannt
wird.

8. Vorrichtung zur Erzeugung eines Referenzbildes,
umfassend:�

zumindest eine CCD-�Kamera (10-20, 110-119),
die mehrere Bilder durch Abbilden mehrerer
Glasflaschen (2) als Proben, � die zumindest eine
schadhafte Glasflasche beinhalten, ausbildet;
und
einen Bildverarbeiter (8), geeignet, ein Refe-
renzbild von den erhaltenen mehreren Bildern
durch Ausnehmen des Bildes der zumindest ei-
nen schadhaften Glasflasche zu erzeugen, wo-
bei ein Helligkeitsbereich, wenn einer nicht-
schadhaften Glasflasche Licht zugeführt wird,
in dem Referenzbild spezifiziert ist.

9. Vorrichtung zur Erzeugung eines Referenzbildes
nach Anspruch 8, bei welcher der in dem Referenz-
bild spezifizierte Helligkeitsbereich durch Erfassen
der Helligkeit in jedem Pixel in den Bildern mehrerer
nicht- �schadhafter Glasflaschen und Bestimmen der
maximalen Helligkeit und der minimalen Helligkeit in
jedem Pixel bestimmt wird, und der Helligkeitsbe-
reich zwischen der maximalen Helligkeit und der mi-
nimalen Helligkeit liegt.

10. Vorrichtung zur Erzeugung eines Referenzbildes
nach Anspruch 8 oder 9, bei der mehrere Bilder
durch gleichzeitiges Abbilden einer Glasflasche (2)

als eine Probe durch mehrere CCD-�Kameras
(10-20, 110-119) aus mehreren Abbildungswinkeln
ausgebildet werden und das Referenzbild in jedem
vorgegebenen Winkel erzeugt wird.

11. Prüfungsvorrichtung zum Erkennen eines Defekts
einer Glasflasche (2) durch Abbilden von Licht von
der Glasflasche, während die Glasflasche beleuch-
tet wird, und Verarbeiten des erhaltenen Bildes, wo-
bei die Prüfungsvorrichtung umfasst:�

eine an einer vorgegebenen Stelle in Bezug auf
die Glasflasche angeordnete Beleuchtung (7);
mehrere um die Glasflasche (2) herum ange-
ordnete CCD-�Kameras (10-20, 110-119) zum
Abbilden eines bestimmten Teils der Glasfla-
sche (2); und
einen Bildverarbeiter (8) zum Verarbeiten der
durch die CCD- �Kameras erhaltenen Bilder;
wobei der Bildverarbeiter (8) einen Defekt an
einem bestimmten Teil der Glasflasche (2)
durch Erzeugen des Referenzbildes mittels der
Vorrichtung nach einem der Ansprüche 8 bis 10
und Vergleichen desselben mit einem Bild, das
durch Abbilden der zu prüfenden Glasflasche
(2) durch die CCD-�Kameras (10-20, 110-119)
ausgebildet wird, erkennt.

Revendications

1. Procédé de production d’une image de référence,
comprenant:�

former plusieurs images en mettant en image
une pluralité de bouteilles en verre (2) comme
des échantillons qui contiennent au moins une
bouteille en verre défectueuse par une caméra
CDD (10-20, 110-119); et
produire une image de référence d’après la plu-
ralité d’images obtenues à l’exception de l’ima-
ge de la au moins une bouteille en verre défec-
tueuse, où une gamme de luminosités lors-
qu’une lumière est appliquée à une bouteille en
verre non défectueuse est spécifiée dans ladite
image de référence.

2. Procédé de production d’une image de référence se-
lon la revendication 1, dans lequel ladite gamme de
luminosités spécifiée dans ladite image de référence
est déterminée en prenant la luminosité dans chaque
pixel dans les images de la pluralité de bouteilles en
verre non défectueuses, et en déterminant la lumi-
nosité maximale et la luminosité minimale dans cha-
que pixel, et ladite gamme de luminosités est entre
la luminosité maximale et la luminosité minimale.

3. Procédé de production d’une image de référence se-
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lon la revendication 1 ou 2, dans lequel plusieurs
images sont formées simultanément en mettant en
image une bouteille en verre (2) comme un échan-
tillon par une pluralité de caméras CDD (10-20,
110-119) à partir d’une pluralité d’angles de mise en
images, et ladite image de référence est produite
dans chaque angle prédéterminé.

4. Procédé de production d’une image de référence se-
lon l’une quelconque des revendications 1 à 3, dans
lequel avant de produire ladite image de référence,
des images de bouteilles en verre défectueuses sont
retirées de ladite pluralité d’images formées par les-
dites caméras CDD (10-20, 110-119), et seules les
images de bouteilles en verre non défectueuses sont
obtenues.

5. Procédé de production d’une image de référence se-
lon la revendication 4, dans lequel une distribution
de fréquence de luminosité de pixels situés à la mê-
me position que ladite pluralité d’images est obte-
nue, une valeur moyenne et un écart type de lumi-
nosité desdits pixels sont calculés, et lorsqu’il y a au
moins un pixel ayant une luminosité supérieure à
ladite valeur moyenne par un multiple prédéterminé
dudit écart type ou plus, on juge qu’une image ayant
ledit au moins un pixel est une image d’une bouteille
en verre défectueuse et est alors retirée.

6. Procédé de production d’une image de référence se-
lon la revendication 4, dans lequel une distribution
de fréquence de luminosité de pixels situés à la mê-
me position que ladite pluralité d’images est obte-
nue, une valeur moyenne et un écart type de lumi-
nosité desdits pixels sont calculés, et lorsqu’il y a au
moins un pixel ayant une luminosité inférieure ou
égale à une valeur calculée en retranchant un mul-
tiple prédéterminé dudit écart type de ladite valeur
moyenne, on juge qu’une image ayant ledit au moins
un pixel est une image d’une bouteille en verre dé-
fectueuse et est alors retirée.

7. Procédé d’inspection d’une bouteille en verre, dans
lequel un défaut au niveau d’une partie spécifique
d’une bouteille en verre (2) est détecté en comparant
l’image de référence obtenue par le procédé selon
l’une quelconque des revendications 1 à 6, à une
image qui est formée en mettant en image la bouteille
en verre (2) à inspecter par une caméra CDD (10-20,
110-119).

8. Appareil de production d’une image de référence,
comprenant:�

au moins une caméra CDD (10-20, 110-119) for-
mant plusieurs images en mettant en image une
pluralité de bouteilles en verre (2) comme des
échantillons qui contiennent au moins une bou-

teille en verre défectueuse; et
un processeur d’images (8) adapté pour produi-
re une image de référence à partir de la pluralité
d’images obtenues en excluant l’image de la au
moins une bouteille en verre défectueuse, où
une gamme de luminosités lorsqu’une lumière
est appliquée à une bouteille en verre non dé-
fectueuse est spécifiée dans ladite image de ré-
férence.

9. Appareil de production d’une image de référence se-
lon la revendication 8, dans lequel ladite gamme de
luminosité spécifiée dans ladite image de référence
est déterminée en prenant la luminosité dans chaque
pixel dans les images de la pluralité de bouteilles en
verre non défectueuses, et en déterminant la lumi-
nosité maximale et la luminosité minimale dans cha-
que pixel, et ladite gamme de luminosités est entre
la luminosité maximale et la luminosité minimale.

10. Appareil de production d’une image de référence se-
lon la revendication 8 ou 9, dans lequel plusieurs
images sont formées simultanément en mettant en
image une bouteille en verre (2) comme un échan-
tillon par une pluralité de caméras CDD (10-20,
110-119) à partir d’une pluralité d’angles de mise en
images, et ladite image de référence est produite
dans chaque angle prédéterminé.

11. Appareil d’inspection pour détecter un défaut d’une
bouteille en verre (2) en mettant en image une lu-
mière à partir de la bouteille en verre tandis que la
bouteille en verre est illuminée, et en traitant l’image
obtenue, l’appareil d’inspection comprenant:�

un éclairage (7) disposé à une position prédé-
terminée par rapport à la bouteille en verre;
une pluralité de caméras CDD (10-20, 110-119)
disposées autour de la bouteille en verre (2)
pour mettre en image une partie spécifique de
la bouteille en verre (2); et
un processeur d’images (8) pour traiter les ima-
ges obtenues par lesdites caméras CDD;
où ledit processeur d’images (8) détecte un dé-
faut au niveau d’une partie spécifique de la bou-
teille en verre (2) en produisant et en comparant
l’image de référence en utilisant ledit appareil
selon l’une quelconque des revendications 8 à
10, avec une image formée en mettant en image
la bouteille en verre (2) à inspecter par lesdites
caméras CDD (10-20, 110-119).
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